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THE  USE  OF  SODilJM  PKROXIHE  POR  THE  mcOMPOSITIOW 
OF  CERTAIW  ORES  AKD  IITDIJ STRIA!-  PRODUCTS. 

Historicfil . 

Sodiuxn  peroxide  v/as  first  used  in  ^nalysis  as  a 

1 

f-isinn  medium  in  1893.      At  that  tinie  J.  niark  used  it  f or  de- 
compvosing  pyrites,   zinc  blende,  galena,  and  chronie  and  arsenic 
oreti.       He  caiitiously  heated  the  ore  with  six  times  its  weicht 
of  sodium  peroxide  m  an  open  nickel  or  platinum  crucible. 
He  States  that  the  action  of  sodium  peroxide  on  ooke  and  coal 
IS  too  violent  for  analytical  purposes.       W.  Hempel  employed 
sodium  peroxide  for  t>ie  oxidation  of  ohromium,  manganese, 
tungsten,  and  t i tanium-iron  ores.      He  used  from  two  to  four 
times  a^  muoh  sodium  peroxide  ao  ore,  and  made  the  fusions 
in  a  platinum  or  silver  orucible  ,      He  states  that  suljhides 
are  oxidized  v/ith  explosive  force  and  for  their  det  -  rmination 
he  used  one  part  of  sample  to  tv/o  parto  of  sodium  carbonate 
and  four  parts  of  sodium  peroxice  .       He  r.lso  mentions  thf^t  sul- 
phur  is  completely  oxidized  to  sulphur  trioxide  , 

opi'lller  r,nd  Kaiman  used  sodium  jeroxide  on  ferro 

chrome,   chrome  steel,   chrome  iron  ore  and  sulphides. 

4 

A.  Edmger  heated  org^nic  s  ibstances  with  a  mixture 
of  sodium  peroxide  and  sodium  carbonate  m  a  nickel  or  a  por- 
celain  crucible  in  order  to  mPike  chlorine  md  sulphur  deter- 
minations.      E.  H.   Saniter  decomposed  chrome  ore  and  chrome 
iron  ore  by  heating  the  ore  with  ab out  six  times  its  weight 
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of  sodiuiii  peroxide  in  a  nickel  crucible  .       0.  Glaser  used 

sodium  peroxide  to  deterraine  sulphur  in  coke,  coal  and  as- 

phalt.      He  placed  the  substance  into  a  nickel  or  a  silver 

dish,  covered  it  with  four  times  its  v/eight  of  sodium  car- 

bonate,  and  upon  that  placed  a  piece  of  sodium  hydroxide 

weighing  about  twice  as  much  as  the  SJiinple  taken.      The  whole 

mass  was  heated  carefully  until  the  reaction  ceased  and  then 

sodium  peroxide       s  carefully  sifted  into  the  crucible  until 

7 

the  substance  was  entirely  decomposed.      Henri  Angenot  used 
sodium  peroxide  for  decomposing  tin,   antimony,  and  arsenic 
eres  and  alloys.      He  heated  l/2  gm.  of  the  substance  v/ith 

8 

7.0  gm.   sodium  peroxide  in  nn  iron  crucible.      Louis  Lucchese 
used  a  mixture  of  equal  parts  of  sodium  peroxide  and  sodium 
carbonate  in  a  platinum  crucible  for  decomposing  certain 

iron-silicon  Compounds. 

9 

S.  \'J .  Parr  made  fusions  of  coal  with  sodium  peroxide 
in  a  closed  steel  or  a  brass  crucible  in  his  calorimeter.  He 
used  one  part  of  coal  to  seventeen  of  sodium  peroxide  for  the 
best  results.       In  this  fusion,  after  starting  the  reaction 
by  means  of  a  red  hot  iron  wire,   the  combustion  proceeds  with- 
out  the  addition  of  further  heat .      Enough  heat  is  generated 
to  carry  out  the  reaction  and  fuse  the  m.ass.      He  also  found 

that  the  sulphur  in  the  coal  was  entirely  oxidized  to  sulphur 

10 

trioxide.      He  later  found     that  with  anthracite  coals  it  was 
necessary  to  use  an  accelerator  in  the  shape  of  a  free  burning 
substance  such  as  sugar,   tartaric  acid,  etc.,  and  a  Superoxide 


* 


I 
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such  BS  bF.rium  peroxide,    jotassium  chlorate,   or  potassium 

persilphate .       The  raost  intense  oxidizing  effect  could  be 

öbtained  by  the  use  of  a  mixture    >f  1.0  gm.  potfissium  persul- 

ph«te,   0.5  gm.  tartfjric  ':cid  to  12  gm.   sodiuin  peroxide  and 

0.5  gm .  coal . 

For  the  determmat ion  of  the  halogens  in  orgrmic 

11 

Compounds  H.  H,  Pringsheim    mixed  the  substance  v/ith      16  to 

18  times  its  weight  of  sodium  peroxide  and  ignited  m  a  covered 

iron  orucible  by  passing  a  red  hot  wire  through  a  hole  in  the 

12 

Cover.      He  also  gives    a  general  method  for  the  u  c.e  of  sod- 
ium peroxide  in  qualitative  analysis  to  detect  halogens, 
phosphorus,   arsenic,   and  sulohur.       Sodium  peroxide  is  mixed 
with  l/25  of  its  V'/eight  of  a  free  burning,  non-hygroscopic 
substance  such,  a^  naphthalene  .       The  substance  to  be  tested 
is  added  in  an  iron  crucible  which  is  heated  until  the  reac- 

tion  begins.      He  reports  quantitative  determinat ions  of  r^r- 

13 

senic  and  phosphorus     in  organic  com^;ounds.      He  found  it 
necessary  to  add  sugar  when  the  substance  cont?^:ined  less  thnn 
fifty  per  cent  of  carbon  snd  hydrogen.      His  latest  Communi- 
cations concernmg  the  use  of  sodium  peroxide  in  organic  quan- 

14 

itative  analysis  were  published  in  1906. 

"F'or  mak'ing  qualitative  analyses  of  org?^nic  substances, 

Von  Konek  used  a  cylindrical  nickel  or  a  steel  crucible  similar 

9 

to  thh.t  designed  for  Parr's  calorimeter.       The  finely  powdered 
sample  was  mixed  v.'ith  5  to  10  gm.   sodiu.m  peroxide  r.nd  a  sm.ell 
amount  of  a  Compound  rieh  in  carbon,   such  as  c^mphor .  The 
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masö  v;as  ignited  by  dropj)ing  in  a  red  hot  iron  v/ire  .  The 

reaction  was  violent.      He  states  that  the  mass  contained  the 

carbon  as  carbon  dioxide,   the  nitrogen  as  nitric  aoid,  the 

sulphur  aö  the  trioxlde,   the  phosxihvorus  as  the  pentoxide,  and 

16 

the  halogenü  a^  oxygen  compoundö.      Von  Konek  and  ZÖhls  re- 
port  that  by  mixing  flour  v/ith  sodium  peroxide,  potassium  per- 
STilphate,  and  tartaric  acid  in  a  bteel  cylinder  and  starting 
the  reaction  as  above,  all  the  nitrogen  was  oxidized  to  nitric 
acid  and  could  be  quantitatively  determined  as  such. 

Object. 

From  the  above  brief  historical  resume  it  may  be 
Seen  that  while  sodium  peroxide  ?ias  been  used  as  a  fusion 
medium  for  certain  substances,  it  has  alv/ays  been  by  heating 
a  mixture  of  the  ore  and  sodium  peroxide  in  an  open  crucible 
Over  a  free  f larne  .      This  does  not  alv/ays  give  as  complete  a 
decomposi ti on  of  the  substance  as  is  desirable  and  usually 
takes  a  long  time .      Moreover  it  attacks  the  crucibles,  and 
introduces  a  considerable  amount  of  foreign  substance  into  the 
d.e termination . 

The  reaction  between  sodium  peroxide,  a  combustible 
substance,  and  ;-,n  accelerator  or  intensifier  has  never  been 
used  for  the  purpose  of  decomiposing  inorganic  Compounds  of 
this  sort,  although  Parr  and  later  Pringsheim  and  Von  Konek 
used  it  suGcessfully  for  organic  Compounds.       It  was  therefore 
decided  to  raake  some  experiments  along  this  li-ne  snd,   if  pos- 
sible,  develope  a  method  for  fusing  certain  ores,  glazes,  etc.. 
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for  which  there  is  nt  present  no  rr-pid  means  of  decomposition . 
Qiianti tritive  teoto  were  niof'e  on  the  following  substances: 
a  lead  glaze;  a  le^:.d  ülag;  a  manganese  glaze ;  a  franklinite 
ore ;  a  ormple  of  ferro  mangaiiese  f>nd  a  bla^t  furnfice  blag 
(für  SiOo) . 

Qualitative  experiments  were  run  on  Bauxite,  Ivlona- 
zite,  a  fire  clay,  a  brick  clay,  and  a  chrome  iron  ore. 

Reagent  0  u  sed  . 

The  sodiun:  peroxide  used  in  these  experiments  was 
the  ordinary  coirünei^cir.!  article  made  by  Koenig  and  Co.  It 
cont^iined  trfices  of  SiOr,,  Al^O^  and  Fe^O^.      The  arnount  of 
sodiun:  peroxide  v/as  deterinined  by  mer^suring  the  volume  of 
oxygen  given  off  fron,  a  weighed  r-nioimt  of  the  substance  v/hen 

17 

decompoöed  by  water  containing  a  few  crops  of  cobr:lt  nitrate  . 
Owing  to  the  difficiilty  of  obtaining  a  fair  SfiUiple  and  the 
gref.t  rapidity  with  which  the  sodiun:  peroxide  was  changed  by 
the  n:oi sture  of  the  atniosphere,   the  results  obtained  vere  only 
approximate  .       They  shov/ed  that  there  was  between  95'/^  and  96^ 
llagOg  m  the  conunercial  proöuct  . 

Ordinary  so  c^il^Ied  "C .  ?."  zmc  sulphide  w;  s  used. 
It  was  found  to  be  free  froni  lead  and  mangfinese  and  contfiined 
only  very  slight  tr?iceb  of  Chlorides.       It  was  rather  nioist, 
and  before  being  used  ^.as  dried  at  110"^  C.  for  an  hour. 

The  pyrite   (FeSp)  used  was  the  purest  specimen  of 
the  mmeral  v/hich  could  be  obtained  .       It  was  f  inely  ground 
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and  passed  through  a  200  mesh  sieve  .      On  testing  it  was  f ound 
to  be  free  from  manganese. 

The  other  reagents  used  were  all  of  Standard  purity 
and  where  there  v^ras  any  doubt  they  were  first  tested. 

Experimental  . 
(a)     Analysis  of  the  le  ad  ore  0  . 

The  ores  used  m  the  experiment s,  containing  about 
65/^  and  11%  of  galena  respectively,  were  analyzed  for  lead  by 
means  of  the  Standard  method.       0.5  gm.   of  the  flnely  powdered 
ore   (through  200  mesh  sieve)  v:as  boiled  in  a  covered  casserole 
with  25  CG.  concentrated  nitric  acid  (1.42  sp .  gv . )   to  which 
a  few  drops  of  hydrochloric  acid  had  been  adced.       The  boiling 
was  found  to  be  necessary  for  in  one  case,  when  the  sample  was 
boiled  only  half  an  hotir  the  results  obtained  were  several  per 
Cent  low.      After  the  action  of  the  nitric  acid  had  ceased, 
sulphuric  acid  (sp.  gv .  1.82)  was  added  and  the  Solution  boiled 
dovm  to  sulphuric  acid  fumes.      Water  was  added  to  the  cool 
Solution,  v/hich  was  then  boiled  to  get  all  the  iron  into  So- 
lution.     Enough  water  and  alcohol  v/ere  added  to  make  a  ifo 
su^P^-yric  acid  and  10^  alcohol  Solution.      After  cooling  the 
clear  Solution  was  decanted  through  a  filter,  retaining  as 
much  of  the  residue  as  possible  in  the  casserole.      This  was 
thoroughly  washed  with  a  1%  sulphuric  acid  and  10%  alcohol 
Solution.      The  lead  sulphate  was  dissolved  in  hot  ammonium 
acetate  Solution  by  boiling  for  20  minutes.      The  silica,  etc.. 


I 
I 

I 
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was  filtered  off  and  ^vashed  v/ith  hot  v/cter.      The  lead  sulphate 
was  reprecipitated  by  means  of  dilute  sulphurlc  acid,  enough 
alcohol  was  added  to  make  a  10^  Solution,   and  the  precipitate 
v/as  allowed  to  settle  .      It  was  filtered  on  a  previously  pre- 
pared  Gooch  crucible,  washed  with  a  1^  sulphuric  acid  and  10^ 
alcohol  Solution  and  finally  with  alcohol  until  free  from  sul- 
phuric acid.       It  was  dried  at  110"^  C.  for  an  hour,  and  weighed 
Prom  the  weight  of  PbSO^  the  per  cent  of  lead  was  calculated. 
Ore  No  .  5  ran  61.5  8;^  and  61  . 62/t  Pb  .      It  had  little  pyrites 
and  very  little  silica.      Ore  No .  22  ran  56.05^  and  55.98^ 
Pb  .       It  had  considerable  pyrites  and  silica  and  a  little 
manganese . 

(b)  Fusion  of  lead  ore  with  sodium  peroxide  in  an  iron  crucible 

0.3  gm.  ore  No .  5   (200  mesh  sieve)  was  mixed  with 
5.0  gm.  sodium  peroxide  in  an  iron  crucible  snd  heated  with 
a  free  flame  until  the  mass  was  molten.       It  was  rotated  to 
prevent  the  settling  of  the  ore.       It  was  kept  in  a  molten 
condition  for  five  minutes,  cooled,   taken  up  in  water,  made 
neutral  with  sulphuric  acid  and  enough  excess  of  acid  added  to 
make  a  I/o  sulphuric  acid  Solution.       Sodium  bisulphite  was 
added  to  reduce  the  lead  peroxide  formed  in  the  fusion,  and 
the  Solution  vvas  boiled.      Enough  alcohol  to  make  a  10^  So- 
lution was  added  and  the  lead  was  determined  gravimetrically 
as  lead  sulphate.      The  results  obtained  gave  60.06/b  and 
60.07/  Pb  with  ore,  No.5,  which  contains  61 . 60^  Pb  .  The 


I 
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low  resvilts  were  due  to  incomplete  decompostion,  or  to  the 
interference  of  the  iron  in  kecping  the  leed  sulphate  from 
dissolvmg  in  the  aninioniuin  acetate  Solution. 

(c)  Experiments  to  completely  decompose  lead  ores. 

Further  tests  were  niade  v>rith  ores  No .  5  and  No  .  22. 
Experiment  No .  1 . 

0.5  gm.  of  the  finelj'-  powdered  ore   (through  200 

mesh  sieve)  was  mixed  with  5.0  gm.   sodium  peroxide  in  a  closed 

9 

brass  cylinder  or  bomt  such  as  is  used  m  Parr's  calorimeter  .-^ 
The  mixture  could  not  be  ignited  by  means  of  a  red  hot  iron 
wire  .      Vtrhen  0.2  gm.  powdered  magnesium  hed  been  added  the 
mixture  went  off  but  it  sintered  rather  than  fused  and  did 
not  completely  decompose  the  ore.      The  amounts  and  propor- 
tions  of  the  different  constituents  were  varied,  and  boric 
acid,  varying  in  amount  from  0.2  to  0.5  gm.  v/as  added  but  no 
complete  decomposition  v/as  obtained. 

Experiment  No .  2 . 

Added  finely  powdered  sugar  to  the  mixture s  in  vary- 
ing proportions  v/ith  and  without  magnesium,   and  with  and  with- 
out  boric  acid.       The  sugar  v/as  later  rejjlaced  by  starch,  and 
it  was  found  that  an  apparently  complete  decomposition  of  the 
ore  was  obtained  by  the  follov.'ing  mixture:     7.0  gm.  sodium 
peroxide,  0.5  gm.  ore  llo .  22,  0.3  gm.   starch.      The  fusion 
was  a  pasty  mass  and  the  reaction  lasted  15  to  20  seconds. 


_  q  _ 

1 

Clark  States  thst  in  galena  fusions  with  sodium 

peroxide  the  lead  v/as  present  partly  as  insoluble  lead  per- 

oxide  nnd  partly  in  a  soluble  f ori^i, probably  as  sodiun.  plum- 

bate .       It  was  therefore  resolvec  to  find  out  in  what  form 

the  lead  was  present,  and  to  get  it  all  as  lead  peroxide,  if 

possible,  when  it  could  be  determined  directly  by  some  of  the 

Volumetrie  methods  for  determining  lead  peroxide.       The  fusion 

f rom  the  last  named  mixture  was  taken  up  in  about  100  cc .  of 

cold  weiter.       It  was  made  exactlv  neutral  to  litmus  paper  with 

18 

strong  acetic  acid  to  render  insoluble  any  sodium  plumbate, 
which  is  soluble  in  a  strongly  alkaline  Solution  and  decom- 
posed  in  rtn  acid  Solution,  but  which  is  insoluble  in  a  neutral 
Solution.       It  was  filtered  without  boiling  ,       On  testing  with 
potassium  dichromate  in  an  acetic  acid  Solution  much  lef^d  was 
found  in  the  filtrate,       This  shows  that  some  of  the  lead  was 
probably  present  as  carbonate  which  was  dissolved  by  the 
acetic  acit. 

(d)  Experiments  to  change  the  lead  in  ores  to  the  peroxide. 

Experiments  were  made  to  ob  tarn  a  uiixture  which 
after  fusion  would  leave  all  the  lead  as  peroxide,   or  at 
least  in  a  form  insoluble  in  a  neutral  Solution. 

Experiment  ITo  .  3  . 

It  was  found  that  a  mixture  of  8.0  gm.   sodium  per- 
oxide,  0.5  gm.  ore  ¥.o .  22,   and  1.0  gm.  arrmionium  carbonate  gave 
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a  fusion  in  which  the  ore  was  apparently  corapletely  decom- 
posed.      When  taken  iip  in  100  cc  .  of  cold  wr.ter,  rriFde  e^actlv 
neutral  with  acetic  acid  «nd  filtered  without  boiling,  there 
was  no  lead  in  the  f iltrate  .      This  fusion  spattered  consi- 
derably  on  the  top  and  sides  of  the  bomb  and  there  v/as  a  cer- 
tain  ainount  of  pressure  due  to  tr  e  anmionia  and  nitrogen  gas 
liberated . 

It  was  found  that  a  mixture  in  which  the  aimr.onium 
carbonate  v/as  replaced  by  1.0  gn. .  armnoniuiii  Oxalate  gave  prac- 
tically  the  sarne  results.       Since  there  was  manganese  in  ore 
No .  22,  lead  dioxide  could  not  be  determmed  in  it  directly . 
Ore  llo .  5  which  contained  no  manganese  was  therefore  used  f  or 
the  quantitative  experiments.       The  above  arrjnoniim  carbonate 
mixture  did  not  completely  decompose  No .  5,   but  the  Oxalate 
mixture  apparently  did.       It  gave  a  fusion  in  which  pH  the 
lead  remained  in  an  insoluble  State  after  the  aqueous  Solution 
had  been  made  exsctly  neutral  v/ith  acetic  acic  . 

Experiment  No .  4. 

■Por  quantitative  experiments  a  closed  steel  bomb 
was  employed  like  that  used  m  the  first  experiments  exeept 
that  the  Charge  was  ignited  by  an  electrically  heated  iron 
wire  which  dipped  down  into  the  fusion  mixture.      A  m.ixture 
of  O.ö  gm.  sodium.  peroxide,   0.5  gm.  ore  No  .  5   (200  mesh  v/ire), 
0.8  gm.  ariimonium  Oxalate  v/as  thoroughly  m^ixed  in  the  crucible, 
placed  m  a  can  of  water  and  ignited  by  passing  an  electric 
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current  t/.roiigh  the  fine  wire  .       The  fu  sed  msss  was  removed 
from  the  crucible,   taken  up  in  lOO  er.  of  cold  wster,  ma.de 
exactly  neutral  with  acetic  acid,  filtered  on  a  Hirsch  funnel 
covered  v;ith  asbestos,  and  washed  tv/o  or  three  times  v/ith  hot 
water.       There  was  no  lead  m  the  fil träte.      The  mass  of  as- 
bestos, PbO.. ,  etc.,  was  placed  m  a  beaker  and  the  lead  per- 
Oxide  deterniined  by  the  method  of  Toff,  which  depends  on  the 
equation:  Pb0g+4HI  =     Pblo*  l2-»-2H^0/.       The  lead  peroxide 
was  tre- ted  with  1.2  f^mS- potassium  iodide  rmd  ten  times  that 
amoimt  of  sodium  acetate  in  55  cc.  of  50/o  acetic  acid  Solution. 
The  Solution  was  diluted  to  250  cc  .  and  titrated  v;ith  a  sodium 
thiosulphate  Solution  that  had  been  standardized  egainst  a 
knov/n  v/eight  of  pure  potassium  bromate  .      The  amount  of  lead 
as  PbO,^^  found  in  ore  No .   5   (c  mtaining  61.60;^  Pb)  was  34.29/^ 
and  42.04^Pb  or  an  average  of  less  than  2/3  of  the  lead  in  the 
ore  v;as  present  as  the  peroxide  . 

The  lead  peroxide  was  deterrumed  by  means  of  a  Stan- 
dard oxalic  acid  Solution  in  the  presence  of  sulphuric  acid. 
The  excess  of  oxalic  acid  was  titrattd  agamst  a  Standard 
potassium  permangan?- te  Solution. 

(C00E)2+  PbOg*  HgSO^  z  PbSO^ 2H„0  +  2OO2 

The  Solution  of  potassium  permanganate  was  standard- 
ized against  a  v/eighed  a/nount  of  Kahlbaum' s  chemically  pure 
ferrous  ammonium.  sulphate  and  the  oxalic  acid  Solution  stan- 
dardized against  the  permanganate . 
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Experiment  No .  5 . 

A  inixture  of  7.0  gm.  sodium  peroxide,  0.5  gm.  ore 
No  .  5,  ci.nd  1.0  gm.  ammonium  Oxalate  was  fused  as  bef  ore  .  It 
was  taken  up  in  water,  made  exactly  neutral  with  acetic  acid, 
and  filtered  on  a  Hirsch  funnel .      The  asbestos  and  precipi- 
tate  were  removed  to  a  beaker,   50  cc.  of  the  Standard  oxalic 
acid  Solution  were  rim  m  from  a  pipette  and  sulphuric  acid 
was  added  in  decided  excess.       The  Solution  v/as  boiled  for 
five  minutes  r.nd  v/hile  stil.l  Yot  the  excess  of  oxalic  a  c  X  0.  ViT  a  s 
determined  by  titration  agamst  the  Standard  permanganate  .  In 
this  way  the  amount  of  oxalic  acid  used  in  reducing  the  lead 
peroxide  could  be  determined  and  consequently  the  emount  of 
lead.      The  lead  foiind  in  ore  IIo .  5  vras  43.61/^  and  58.37^Pb. 
A  little  Over  2/3  of  the  lead  was  present  as  the  peroxid.e  . 

Experiment  TIo  .  6  . 

Experiments  were  continiied  to  find,   if  possible,  a 
mixture  which  would  convert  all  the  lead  into  lead  peroxide  . 
A  mixture  of  7.1  gm.  sodium  peroxide,   0.5  gm.  ore  TTo .  5,  and 
1.0  gm.  ammonium  Chloride  fused  in  the  closed  bomb  g.';ve  an 
apjjarently  coraplete  fusion.       The  lead  was  all  rendered  in- 
soluble  by  making  the  Solution  exactly  neutrrtl  with  acetic 
acid.      This  insoluble  precipitate  was  filtered  off.  There 
v/fis  no  lead  in  the  f  iltrate  .       The  precipitate  was  washed  with 
water  until  free  fro:;i  all  traces  of  Chlorides  and  sulphates, 
Part  of  the  precipitate  was  boiled  vigorously  with  water  and 
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then  qiiickly  filtered  v/hile  hot .      The  filtrate  v/as  found  to 
be  free  from  both  lead  and  Chlorides.       This  showed  that  no 
lead  Chloride  v/as  present  .      Another  portion  of  the  precipi- 
tate  v/as  boiled  for  15  minntes  with  a  strong  arrinionium  acetate 
Solution.       It  was  filtered  and  the  filtrate  tested  v/ith  HCl 
and  Baf''l2  -^^^  sulphates,  but  no  precipitate  of  barium  sulphate 
V7as  found.      This  shov/ed  that  no  lead  sulphate  v/as  present. 
Repeated  the  experiment t  with  fresh  portions  find  obt^üned  the 
same  re  su It s  . 

Quantitative  experiments  with  this  mixture,   in  v/hich 
the  leod  peroxirle  was  determined  by  nieans  of  oxalic  acid  as 
above,  gave  in  ore  No .  5,   54.13;?^  and  47.4öXPb  present  ^s 
peroxide  or  about  00;o  of  the  tot?a  lead.       This  v/as  the  high- 
est  per  cent  of  lead  found  as  le«d  peroxide  in  any  of  the 
experiments.      A  mixture  of  5.0  gm.   sodium  peroxide,   0.3  gm. 
ore  No  .  5,   and  1  .0  gm.  Eoiimonium  chlor i de  gave  34.63/^  and 
44.3lXPb  as  peroxide. 

(e)  Attempts  to  change  lead  to  peroxide  by  addition  of  sodium 
peroxide  to  the  Solution  after  the  fusion. 

Experim.ent  No  .  7  . 

Fusions  of  the  l;ist  nfuaed  mixture  were  taken  up  in 
water  and  three  or  four  gr?ims  of  sodium  peroxide  were  slowly 
added  with  much  stirring.       The  v/hole  v/as  boiled,  made  neutral 
with  sulphuric  acid,  and  phosphoric  acid  and  manganese  sul- 
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phate  added  to  prevsnt  the  injurious  effects  of  finy  Chlorides 
25 

present  .      Twenty-f ive  cc  ,  of  Standard  oxalic  acid  were  run 
in,   it  v^as  made  strongly  acid  with  sulphuric  acid  and  boiled. 
The  excess  of  oxalic  acid  was  titrated  with  permanganate  and 
the  lead  present  as  lead  peroxide  calculated .      The  results 
for  ore  No .  5  v/ere  52.  öf]^  and  3ö.03;^Pb. 

In  t?ie  foregoing  experinients  the  attempt  to  convert 
all  the  lead  to  lead  peroxide  was  unsucce ssfiil  .      The  lead 
present  as  peroxide  varied  froi>:  65^  to  80f,  of  the  total  lead  . 
TTo  lead  chloride  or  lead  sulphate  could  be  found  in  the  pre- 
cipitate  and  in  the  TTH^ni  f.isions  no  carbon  Compounds  were 
present.      The  lead  which  did  not  exist  as  peroxide  was  there- 
fore  probably  present  as  other  oxides  of  lead.      As  it  did 
not  seem  wort?i  while  to  raake  further  attempts  to  convert  all 
the  lead  to  lead  peroxide,   it  was  decided  to  use  a  mixture 
that  would  deconipose  the  ore  and  leave  the  resulting  fused 
mass  in  such  a  form  that  the  le^;d  could  be  easily  changed  to 
lead  sulphate  and  filtered  off.      The  animonium  chloride  mix- 
ture  was  out  of  the  question  because  it  introduced  hydrochlo- 
ric  acid  which  v/as  not  desirable.      The  ajimionium  Oxalate  mix- 
ture,  while  it  gave  an  apparently  complete  decomposit ion, 
spattered  a  great  deal  and  made  considerable  pressure  in  the 
bomb.     The  starch  mixtures  were  therefore  em^jloyed  in  the 
first  experimentö. 

(f)   Sodium  peroxide  fusions,  using  starch  as  the  combustible 
material  . 
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Influence  of  an  accelerator. 

It  was  found  that  by  adding  an  accelerator  in  the 
form  of  potassiiim  persulphate  to  the  sodiuni  peroxide  and 
starch  a  better  fusion  and  apparently  complete  decomposition 
was  obtained. 

Experiment  No .  8. 

5.0  gm.  sodium  peroxide. 

0.3  gm.  ore  ITo  .  5   (200  mesh  öieve). 

0.2  gm.  starch. 

0.3  gm.  potassium  persulphate  . 

The  above  mixture  was  ignited  in  an  electric  bomb, 
the  melt  dissolved  in  100  cc .  of  water  in  a  4  inch  casserole, 
the  sodium  hydroxide  neutralized  with  sulphuric  acid  (1.42  sp 
gv  . )  and  enough  of  the  acid  added  to  make  a  ?.%  excess.  Sod- 
ium bisulphite  was  added  to  redice  the  lead  peroxide  and  the 
Solution  v/as  boiled  for  5  minutes.       It  was  diluted  to  200  cc 
and  enough  alcohol  added  to  make  a  10/i  Solution.  Continued 
the  determinat ion  of  the  lead  gravime trically  as  the  sulphate 
as  bef  ore  .       The  follov/ing  results  were  obtained  with  ore  No  . 
5,   57. 49^,   60. 22^,   and  59.13;6Pb. 

(g)  Sodium  peroxide  fusions,  using  zinc  sulphide  for  the  cora- 
bustible  material . 

Since  the  fusions  with  starch  did  not  give  satisfac 
tory  results,  experiments  were  made  in  which  the  heat  for  the 


-16- 


decojuposition  v/as  furnished  by  the  oxidation  of  zinc  sulphide . 

Experiment  ITo  .  9  . 

8.0  gm.  sodium  peroxide . 

0.3  gm.  potassium  persulphate  . 

0.0  gm.  zinc  sulphide . 

0.5  gm .  ore  ITo  .  5  . 

The  above  mixture  was  ignited  by  means  of  a  red  hot 

iron  wire  .      The  fusion  was  liquid  and  red  hot  and  the  decom- 

position  appeared  complete  for  the  entire  melt  was  dissolved 

in  nitric  acid  leaving  no  residue.       It  was  found  the  combus- 

tion  took  jjlace  better  in  an  open  bomb  than  in  one  v/hich  was 

tightly  closed.       The  reactlon  was  instantaneon s  and  the  fusion 

quiet  and  without  any  sputtering .      Quantitative  experiments 

with  the  above  mixtiire  in  an  open  bomb  gave  for  No .  5,  60.6i;.f 

and  59.73'fPb>  results  v/hich  were  slightly  better  than  those 

obtained  in  the  starch  fusions. 

The  above  results  were  obtained  by  determining  the 

20 

lead  by  the  Molybdate  Method.       The  melt  from  the  fusion  v/as 
treated  just  as  given  on  the  previous  page,  up  to  the  point 
where  the  lead  sulphate  was  dissolved  m  ammonium  acetate  So- 
lution.     This  Solution  of  lead  sulphate  in  ammonium  acetate 
was  diluted  to  250  cc.,  made  slightly  acid  with  acetic  acid 
and  heated  to  boiling.      The  boiling  hot  Solution  was  titrated 
with  a  Standard  Solution  of  ammonium  molybdate.       A  Solution 
of  1  gm.  tannin  in  300  cc .  of  water  was  used  as  an  outside 


-17- 


indicator.       8.0  gms .  of  molybdic  acid  v/ere  dissolved  in  the 
required  arnount  of  ariini  mium  hydroxide   (0.96  sp .  gv.)  and  made 
up  to  1000  cc  .      A  v/eighed  arnount  of  lead  sulphate,  v/hich  had 
been  prepared  chemically  pure  in  the  determination  of  lead 
as  lead  sulphate,  v;as  dissolved  in  a  hot  armnonium  acetate  So- 
lution.      It  was  made  acid  with  acetic  acid,   diluted  to  250 
cc.,  and  heated  to  boiling.      Then  laolybdate  Solution  was  run 
in  until  the  i)oint  v/as  reached  v/here  the  addition  of  one  drop 
of  the  molybdate  gave  a  Solution  one  drop  of  v/hich  colored 
yellow  a  drop  of  tannic  acid  Solution  placed  on  a  titration 
plate  .       The  appearance  of  the  yellow  color  served  to  indicate 
the  end  point  of  the  reaction.      A  certain  arnount  of  the 
molybdate  Solution  v/as  required  to  produce  the  yellow  color. 
This  arnount  v/as  deter/nined  by  measuring  the  arnount  of  molyb- 
date required  to  produce  the  yellow  color  in  a  Solution  like 
the  above,  but  without  any  lead  being  present.      This  blank 
was  subtracted  from  each  subsequent  titration. 

Fusions  of  ore  No .  22  v/ere  made  with  the  same  mix- 
ture  as  above . 

Experiment  ITo .  10. 

B.O  gm.  sodium  peroxide  . 

0 .3  gm  KSO  ^ . 

0.8  gm.   zinc  sulphide . 

0.5  gm.  ore  No .  22   (200  mesh  sieve). 

Ignited  the  above  mixture  with  a  red  hot  iron  wire  ^ 
The  fusion  was  good  and  the  decomposit ion  of  the  ore  appeared 
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complete.      Deteriiiined  by  the  Molybdate  method,  and  obtained 
the  following  results:       55.51^,   55.18,<,   55  .45^^,   and  55.13?^Pb. 
The  ore  contained  56. 

The  fusions  with  7,inc  sulphide  gave  results  which 
were  lov;  but  which  were  better  than  those  with  starch  .  The 
fusions  were  so  hot  and  the  melt  so  fluid  that  it  appeared 
possible  that  soraething  eise  was  the  cause  of  the  incomplete 
decoxnposition ,       The  shape  of  the  bomb  and  the  fact  that  it 
had  to  be  water  cooled  were  factors  which  might  have  hindered 
complete  decomposition .       Consequently  it  v/as  decided  to  use 
a  nickel  crucible  . 

(h)  Fusions  in  a  nickel  crucible. 

It  was  thought  possible  that  the  above  incomplete 
decomposit ions  might  have  been  due  to  the  fact  that  a  slight 
amount  of  the  ore  had  lodged  in  the  Sharp  lower  corner  of  the 
bomb  or  around  its  water  cooled  side  and  was  conseq.ient ly 
insuf f iciently  heated.       Since  the  fusions  took  place  quietly 
and  without  sputtering  it  was  decided  to  use  a  nickel  crucible. 

This  did  not  have  to  be  water  cooled  and  thus  gave 
hotter  fusions.       It  had  rounded  corner o  and  afforded  no  place 
for  the  ore  to  lodge .       It  was  smaller  than  the  bomb  and  con- 
sequ.ently  the  melt  could  be  more  easily  removed  and  less  wa- 
ter needed  for  Solution.       The  nickel  crucible  used  was  of 
the  size  and  shape  shown  in  the  drawing  on  next  page,  and  had 
a  capacity  of  35  cc . 
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Since  the  iron  wire    ised  for  the  ignition  caused 
considerable  trouble  by  the  fori:io.tion  of  difficultly  soluble 
j]i?ignetic  Oxide  of  iron,  it  v/as  replaced  by  magnesium  ribbon. 
Moreover  it  is  advidable  to  keep  the  quantity  of  iron  salts 
as  lo\7  as  posöible  in  lead  determinations ,  for  they  interfere 
as  v/ill  be  shovm  later . 

Experiment  ITo .  11. 

8.0  gm.  ITa  Or, . 
0.3  gm.  KSO^. 
0.8  gm.  ZnS. 

0.5  gm.   ore  TTo .  5   (200  mesh  sieve). 

The  sodium  peroxide  was  put  into  the  crucible  by 
means  of  a  small  aluminum  raeasure .       The  other  substances 
were  added  and  oarefully  and  thoroughly  mixed  v/ith  a  glass 
rod,  which  was  then  brushed  olean.       The  cover  was  put  on  the 
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crucible,  and  was  moved  far  enoiigh  to  one  side  to  permit  the 
dropping  in  of  a  1/2  to  3/4  inch  piece  of  lighted  magnesium 
ribbon.      After  the  ignition  had  taken  place  it  was  immedi- 
ately  replaced.      The  fusion  was  very  quiet  and  did  not  spatter 
to  any  appreciable  extent  . 

The  le?:d  deteritiined  by  the  raolybdate  method  gave 
for  ore  TTo .  5,   61  .23;f    and  61  .2^^/^  Pb,   and  for  ore  TTo .  22, 
5b  .Q2^  and  55.68jo  Pb  .      These  results  were  better  than  any 
which  had  yet  been  obtained,  but  were  not  entirely  satiofac- 
tory.       The  trouble  was  dae  either  to  inconiplete  decomposi- 
tion  of  the  ore  or  to  com;^;licat ions  caused  by  the  presence 
of  some  other  substance,  probably  iron . 

Four  more  fusions  of  ITo ,  5  were  inade  in  the  same 

way  and  the  lead  determined  gravimetrically  as  sulphate  . 

The  results  were  even  lower,   viz.,   I.  60.44/^,   II.  59.07^€, 

III.  60.68/^,  and  IV.   60.64;^Pb.       In  all  of  these  the  residiie 

after  taking  up  in  water,  acidifying  with  sulphuric  aoid, 

adding  sodium  bisilphite,  and  boiling  for  5  minutes  was  of  a 

brovmer  color  than  before,   this  being  pfirticularly  noticeable 

in  the  case  of  determinat ion  II.       This  brown  color  was  no 

doubt  due  to  basic  sulphate s  of  iron  which  are  prer-ipitated 

upon  boiling  even  in  a  slightly  acid  Solution  in  the  presence 

21 

of  large  quantities  of  alkali  salts.      These  bftsic  iron  salts 

apparently  keep  some  of  the  lead  sulphate  from  being  dissolved 

by  the  ammoniurn  acetate  Solution.      Their  effect  is  similar 

22 

to  that  produced  by  the  presence  of  BaSO^  and  silica.  The 
ammonium  acetate  Solution  of  lead  ?/as  found  on  testlng  to  con- 
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(i)  Experiments        yrevent  the  contftmmation  of  PbSO^j^  v/ith 
basic  iron  salts. 

Experiment  No .  12, 

Fusions  of  ITo .  5  were  made  and  the  melt  tre;ited  as 
before  except  that  the  boiling  on  acidifying  \Mf:S  omitted. 
The  Solution  \vas  heated  just  to  boiling  for  a  moment  and  then 
allov/ed  to  cool.       The  reaidue  still  had  a  slight  brown  color 
but  it  was  much  lighter  than  before.      Determined  by  the  mo- 
lybdate  method,   the  results  were:  61.23^  and  61.16^?b,  v/hich 
was  still  lov/.      Apparently  when  the  melt  was  dissolved  some 
iron  hydrate  was  formed  which  did  not  dissolve  in  the  dilute 
acid . 

Experiment  ITo  .  13. 

Fusions  of  No .  5  made  as  before.       The  crucible  and 
melt  were  put  into  a  casserole  and  about  75  cc.  of  water 
containing  7  cc .  sulphuric  acid  (1.84  sp.  gv . )  added, (enough 
acid  to  almost  neutralize  exactly  all  the  sodium  hydroxide 
present).      The  melt  diss.^lved  in  two  or  three  minutes  f.nd 
the  crucible  was  immediately  taken  out  before  the  acid  had 
a  Chance  to  attack  the  nickel.      An  excess  of  2  cc .  sulphuric 
acid  (1.84  sp .  gv . )  was  added  and  a  concentrated  Solution  of 
sodium  bisulphite  slov/ly  poured  in  with  much  stirring  .  The 
Solution  was  heated  to  boiling  for  a  moment,  diluted  to  200 
cc  .  and  cooled.       20  cc,  of  alcohol  were  added.      The  residue 
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was  alinost  pure  v/liite.      The  lead  determmed  by  the  molybdate 
inethod  gave  61.46/bPb.      Repeated  exactly  as  before  and  got 
61.51^  and  ei.öy^Pb.      These  results  agree  with  the  amount 
of  lead  present:  61.60,''^Pb. 

Exactly  the  same  raethod  applied  to  ore  TTo .  22  gave 
55.89,<,  and  55.80;^Pb.       This  ore  cont^^ins:  56.0i;^Pb. 

The  follov/ing  table  shov/s  the  results  obtamed  in 
the  foregoing  experiments; 

TAB]^  NO .  1 . 
Ore  i^To .  22.    (Galena  Ore), 

Method  of 

Decomposition . 

Method  of 
Determination . 

foVh 

f ound . 

Remark  s . 

Standard  Method. 
miO^^  HCl 

Gravime trically 
as  PbSO 

4 

56.04 
55  .98 

ITa^Og,  KSO^, 
ZnS  in  bomb  . 

Molybdate  kethod. 

55  .51 
55  .18 

KagO^KSO^, 
ZnS  in  bomb 

V  ft 

55  .45 
55.13 

NagOo,  KSO^, 

ZnS  in  TTi  Crucible 

1»  If 

55  .82 
55  .6(3 

Low  results 
probably  due 
to  iron  . 

NagOg,  KSO^,^, 

ZnS  in  ITi  Crucible 

ff  ff 

55  .89 
55  .90 
55  .88 

Melt  taken  up 
in  acidified 
water  «nd  Solu- 
tion   not  boilec| 
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Ore  TTo .  5.   (Galena  Ore), 

Method  of 

Method  of 

fo  Pb 

Remark  s . 

De  c  omp  o  s  i  t  i  on  . 

Determination . 

f ound . 

Standard  Method. 

(Jravime  trically 

61  .50 

mo^  HCl 

as  PbS04 

61  .62 

Na202  heated  in 
iron  crucible . 

Gravimetrically 
as  PbSO^ 

60  .06 
60.06 

Low  results 
probably  due 
to  iron. 

NagOg,  KSO4 

Gravimetrically 

60  .22 

starch  in  hoffib . 

as  PbS04 

59.13 

lJa202,  KSO^^ 
ZnS  in  bomb . 

Kolybdate  Method. 

61  .36 
60.47 

ITa202,  KSO4  cc 

"  II 

61  .25 

ZnS  in  Iii  Crucible 

61  .23 

Na^Og,  KSO4  & 

ZnS  in  Iii  Crucible 

Gravimetrically 

as  PbSO^ 

60  .44 
59.07 
60.68 

■:o .  64 

Residue  was 
brown,   due  to 
basic  iron 
sal t  s  . 

Na^O^^,  KSO4  c'c 

ZnS  in  Iii  Crucible  . 

Molybdate  Method. 

61  .23 
61  .16 

The  Solution 
wr.s  not 
boiled . 

llagOg,  KS04  ?c 

ZnS  in  TTi  crucible  . 

ti  n 

61  .46 
61  .51 
61  .57 

Melt  taken  up 
m  acidifieri 
v/ater  and  Solu- 
tion   not  boile 

1 

'1 

ii 
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(k)  Experiments  to  determine  Application  of  above  method  as 
f-i  general  method  for  lead  deter-ir:innt ions  . 

The  foregoing  experiments  suggested  the  possitilty 
of  using  the  sodiurc  peroxide  zinc  suli)hide  fiision  f. s  a  general 
method  for  decomposing  substancea  in  v/hich  lerxd  is  to  be  de- 
termined .       In  order  to  test  this  idea  the  following  substances 
were  annlized  : 

1.     A  galenn  lead  ore,  TTo .  45,  high  in  pyrites  and 
silicp-,  but  low  in  lead.       It  wss  decomposed  by  boiling  a 
1.0  gm.   sample   (through  200  mesh  sieve)  for  40  to  50  luinutes 
in  nitric  acid{1.12  sp .  gv.)  acoording  to  the  method  given 
on  page  6.       The  lead  was  determmed  gravime trically  as  the 
sulphate  .       Found  3.13/CPb. 

Experiment  ITo  .  14. 

10.0  gm.   soo-ium  peroxide. 

0.8  gm.  zinc  sulphide . 

1.0  gm.  ore  TTo.  45   (200  n.esh  üieve). 

0.3  gm.  potassium  persilijhate  . 

The  above  mixture  wf.s  ignited  by  a  lighted  magnesium 

ribbon  m  the  usual  manner.      The  fusion  was  very  hot  as  was 

shown  by  the  bright  red  color  to  which  the  crucible  w?}s  hepted  . 

This  great  he?.t  wf-,  s  prob^bly  due  to  the  burning  of  the  pyrites. 

The  melt  was  tre;.ted  as  before  and  the  lead  determmed  by  the 

Molybdate  method . 

Results:  3.16,'^  and  3.19,<Pb. 
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2.  A  lead  glaze,  high  in  calcium  and  silica.  1.0 
gm.  sp.inple   (200  mesh  sieve)  was  decomposed        the  nitric  acid 
method  and  the  lead  detormmed  l.y  the  niolybdate  method. 
27.81/^  and  27.82/0  of  lead  was  found  in  the  saniple  .       The  great 
amount  of  silica  present  caused  difficulties  fcoth.  m  filtering 
the  insoluble  residue  and  in  dissolving  the  le^d  sulphate  in 
anuiionium  acetate  Solution,  necessitating  a  much  longer  boiling. 

Experiment  TTo  .  15. 

10. 0  gm  sodium  peroxide  . 
1.5  gm.   zinc  su^phide  . 
0.4  gm.  KSO4. 

1.0  gm.  glaze   (200  mesh  sieve). 

Since  there  wfts  no  combustible  matter  in  the  srijn- 
ple  it  v/as  necessary  to  raise  the  proportion  of  zinc  sulphide  . 
The  fusion  was  good  and  the  glaze  apparently  completely  decom- 
posed.       The  melt  was  dissolved  in  water,   the  absence  of  iron 
making  unnecessary  the  precautions  taken  m  the  previous  anal- 
yses.      The  lead  deteri..ined  by  the  molybdate  method  gave  27.84/ 
and  27.82^3  Pb  .       In  this  fusion  the  silica  went  into  Solution 
almost  completely  and  whs  filtered  off  from  the  insUuble  resi- 
due and  thus  did  not  interfere  m  the  filtering  nor  in  the  So- 
lution of  the  lerd  sulphate  . 

3.  A  lefid  slag  was  analyzed.       0.5  gm-,  of  the  slag 
(100  mesh  sieve)  was  decomposed  by  nitric  acid  and  hydrochloric 
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Rcids  and  determined  by  the  molybdate  niethod.  Result: 
36.39;^  Pb. 

Experiment  ITo  .  16. 

{3.0  gm.   sodium  peroxide  . 
1.2  gm.  zinc  sulphide  . 
0.3  gm.  KSO^. 

0.5  gm.  lead  slag   (  100  mes?i  sieve). 

Ignited  vvit?i  magnesium  wire  ,      The  fusion  v/as  good 
and  the  decomposition  appeared  to  be  complete .       Since  there 
was  very  little  iron  present,   the  melt  v/as  dissolved  in  water, 
and  treated  m  the  usual  manner  and  the  lead  determmed  by 
the  molybdate  method.      Results  were  36  .bsf,  and  36.48o  Pb  . 

These  resnlts  by  the  sodium  peroxide  method  oompare 
very  favorably  with  those  obtained  by  the  Standard  nitric  and 
hydrochloric  acid  decompositions,  as  may  be  better  been  from 
the  tabulated  results. 
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Table  TTo .  2. 

Comparison  of  lead  de termmations  by  Standard  rmd 
by  sodium  peroxide  methods  of  decompo si tion . 

Sample  . 

IViethod.  of 

Tee oinposi tion  . 

Lieth  od  of 
Determination . 

Galen«  ore  TTo  .  5  . 

Standard  Method 
mT03+  KCl 

Gravime trically 

as  PbSO^^  . 

61  .58 
61  .  62 

"         "  Ko.5. 

UagOp,  KSO^^,  7nS, 

» 

m  NI  crucible . 

Iv"olybd?ite  method. 

61  .46 
61  .51 
61  .57 

n           "      "   22  . 

Standard  Method 
HNO 3+  HCl 

Gravime tri cal 1 y 
f.  s  PbS04  . 

56.04 
55  .98 

NagO^,  KSO^j^,  ZnS 
in  ITi  crucible 

Molybdate  method. 

55  .89 
55  .90 
55  .88 

II           II      II  ^5 

S  t  andar d  Me  t h  o  d 
HNO 3+  HCl 

Gravime  tri  cai:i  y 

as  PbSO  , 
4 

5.13 

fi         fi  "45 

Ha202,  KSO4,  ZnS, 
in  Hl  crucible 

Ivi  0 1  y bda t e  me thod  , 

3,16 
3  .19 

1 

I^ead  Glaze  . 

Standard  method 

HNO  +  HCl 

3 

M  tl 

91  81 
27.82 

;           II  II 

Ha^Op,  KSO^^,  ZnS 
in  Ni  cruc ible . 

II  II 

27  .  84 
27  .88 

Lead  Slag  . 

Standard  method 
HNO,^+  HCl 

n  II 

36  .39 

II  II 

NagOp,  KSO4,  ZnS 
in  NI  crucible , 

tt  II 

3  6.48 
36.58 

i 

I' 


(1)   Sodium  peroxide  method  of  decomposition  applied  to  man- 
ganese  de terminations . 

Since  the  sodium  peroxide  nnd  zinc  sulphide  fusions 
were  so  effective  as  fluxes  in  the  lead  deteriiiin« tions,  it 
was  decided  to  try  the  mix tu res  on  manganese  Compounds. 

1.    Analysis  of  a  Mrmganese  glaze  . 

A  manganese  glaze  high  in  silica  but  containing  no  cal 
cium  was  first  used.       It  was  not  attacked  to  any  e.ppreciable 
extent  by  nitric  and  hydrochloric  acids,   even  after  boiling 
for  an  hour.       1.0  gm.  of  the  glaze   (200  mesh  sieve^  was  fused 
with  sodium  carbonnte  m  a  platinum  crucible.      The  melt  v/as 

dissolved,  made  acid  with  sulphuric  acid  (1.42  sp .  gv . )  and 

23 

the  manganese  determmed  by  Volhard's  method  as  given  below. 
The  acid  Solution  v/as  made  almost  neutral  with  sodium  hydrox- 
ide  and  then  a  slight  excess  of  an  emulsion  of  zinc  oxide 
added.       It  was  diluted  to  200  cc.,   40  cc .  of  a  20^  zinc  sul- 
phate  Solution  added,  heatec  to  boilinp,  2  or  3  drops  of  nit- 
ric acid  (1.42  sp .  gv ..)  added,   and  the  ooiling  hot  Solution 
titrated  with  potassium  permanganate  Solution  until  the  clear 
supernfttant  liquid  remamed  pink.      The  permanganate  Solution 
was  standardizeo  in  the  same  v.-ay  against  a  v/eighed  amount  of 
Kahlbaiim's  mianganese  sulphate,  v/hich  v.T. s  dried  to  constant 
v/eight  by  heating  in  a  platinum  dish  to  a  dull  red. 

4.57/  and  4.55XMnO  found  in  the  sample. 


* 
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Experiment  No .  17. 

10.0  gm.   sodium  peroxide  . 
1.4  gßi.  7-inc  sulphide  . 
0.4  gm.  KSO^. 

1.0  gm.  mangfinese  glaze   (200  mesh  sieve). 

Ignited  in  a  nickel  crucible  by  means  of  magnesium 
ribbon.      Very  good  fusion  and  apx)arently  complete  decomposi- 
tion  for  no  residue  was  left  upon  acidifying  with  sulphuric 
acid.       The  melt  was  dissolved  in  v/ater,  acidified  v/ith  sul- 
phuric  r.cid  (1.42  sp .  gv . )  and  sodiun  bisulphite  added  to  re- 
duce  the  MnO^  .      The  sulphur  dioxide  \'i!^s  boaled  off  and  the 
manganese  determmed  by  Volhard's  method.      Results:  4.57/o 
and  4.55/4in0. 

S.  Analysis  of  Prankl ini te . 

The  sample  of  franklinite,    (7n,Fe)    (Fe^MnglO^,  con- 
tained  considerable  silica. .       It  is  a  very  refractory  mineral  . 
v/hich  can  not  ersily  be  decomposed  hy  sodium  carbonate  fusion, 
18  decomposed  with  great  oifficulty  by  KHSO^^  fusion,   and  is 
decomposed  by  concentrated  nitric  and  hydrochloric  acids  only 
aftei"  very  long  boiling.      A  1.0  gm.  sample   (200  mesh  sieve) 
was  boiled  for  two  hours  v/ith  nitric  acid   (1.42  sp .  gv  . )  con- 
taining  a  few  drops  of  hydrochloric  acid  (1.12  sp .  gv  . )  . 
10  cc  .   sulphuric  acid   (1.42  &p .  gv.)  v/ere  added  f.nd  the  Solu- 
tion boiled  down  to  sulphuric  acid  fumevs.       It  was  diluted, 
nearly  neutralized  with  sodium  hydroxide,   zinc  oxide  emulsion 
added  until  the  iron  v/as  precipitated  as  hydroxide  and  a  slight 
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excess  of  zinc  oxide  left.      The  Solution  w&s  diluted  to  ex- 
actly-  500  cc.  and  allowed  to  settle.      J-xactly  200  er.,  of  the 
clefir  supernatant  liquid  was  decanted  off  and  the  manganese 
determmed  by  the  Volhard  rnethod.      Resultö  were  7.89^  and 
7.96;^  MnO. 

Experiment  No .  18. 

8.0  gm.   öodium  peroxide . 
1.2  gm.  zinc  sulphide . 
0.4  gm.  KSO^^. 

1.0  gm.  franklinite   (200  mesh  sieve). 

Ignited  by  magnesium  ribbon  in  nickel  cnicible  . 
The  fusion  was  liquid  and  red  hot  but  the  decomposi tion  was 
not  comulete.       The  proportions  of  the  components  were  varied 
but  it  vi^as  imposöible  to  get  a  complete  decomposition  with 
these  ingredients.       It  was  there  fore  decided  to  Substitute 
for  the  zinc  sulphide  som.e  substance  which  would  give  more 
heat .       Iron  pyrite  was  found  to  answer  this  requirement  very 
well  . 

Experiment  TTo  .  19. 

8.0  gm.   sodium  peroxid.e  . 

0.2  gm.   sulphur  (pulverized) . 

0.3  gm.  KSO^. 

2.0  gm  iron  pyrite. 

1.0  gm  f r?mklinite   (200  mesh  sieve). 
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Ignited  by  magnesium  wire  in  nickel  crucible.  The 
fusion  vjfxs  extremely  hot  ?)nd  remained  liquid  and  red  hot  for 

about  two  minutes.       It  gr.ve  a  complete  decomposit ion  of  the 
franklinite  but  sonie  of  the  sulphur  remained  unoxidized.  The 
Hielt  cibsolved  very  slowly,   m  about  two  hours.       This  wßs 
remedied  by  sifting'3  to  4  gm.  of  sodium  peroxide  into  the 
liquid  fusion  and  rotating  the  cruoible>   slightly,   to  mix 
the  peroxide  throughout  the  mhün.       The  resiiltant  melt  dis- 
solved  easily  in  water  in  3  to  4  minutes. 

By  using  powdered  magnesium  a  cleaner  melt  was  ob- 
tained  and  there  v;a  j  no  annoyance  due  to  unburned  sulphur. 

Experiment  ITo.  20. 

8.0  gm.  sodium  peroxide. 
0.3  gm .  powdere d  magne sium . 
0.3  gm.  KSO^. 
2.0  gm .  pyrite s  . 

1.0  gm  franklinite   (200  mesh  sieve)  . 

Ignited  by  magnesium  ribbon.       3t o  4  gms .  of  sod- 
iumx  peroxide  were  added  to  the  liquid  fusion  to  make  the  melt 
go  into  Solution  easily.       The  Solution  was  made  seid  vvith 
sulphuric  acid   (1.42  sp .  gv  .  )  ,   the  Mn02  reduced  with  TTaESO^ 
as  before,  end  the  m?sng''-ne&e  determmed  by  Volhard's  metbod  as 
m  the  other  franklinite  determination  .      Found  :  7  .  90;1'  nnd 
7  .  Qb/o  MnO  . 
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3.  Analysis  of  Ferro-manganese  . 

A  0.5  gm,   saniple  of  ferro-manganese  v/hicb  had  been 
passeö  through  a  löO  mesh  sieve,  was  dissolved  by  boilmg  for 
about  an  hour  in  nitric  acid   (1.42  sp .  gv . ) .       Sulphuric  acid 
was  added  and  the  Solution  was  evaporated  to  sulphuric  acid 
fumes.       The  manganese  was  determmed  by  Volhard  '  s  method  as 
in  the  franklinite  de terminations .      Results  were  56, 25/^  and 
5  6,23;^  Ito. 

Experiment  ITo  .  21 , 

8.0  gm.  sodium  peroxide  . 

0.5  gm  ferro  manganese   (100  mesh  sieve). 
0.3  gm .  magne  sium , 
0.3  gm.  K30 

ignited  by  merns  of  magnesium  ribbon  in  the  usual 
way ,       The  reaction  was  slow  and  consisted  of  a  series  of 
sputterings  which  gave  e,  sintered  mass.      The  ferro-manganese 
was  not  completely  decomposed. 

Experiment  No .  22 , 

8.0  gm.  sodium  peroxide. 

0.5  gm,  ferro-manganese   (100  mesh  sieve). 

0.8  gm.  zinc  sulphide  . 

0.3  gm.  KSO^^. 

Ignited  by  means  of  magnesium  ribbon,  A  red  hot 
liquid  fusion  was  obtained,  which  apparently  decomposed  the 
substance  completely.       The  melt  dissolved  with  difficulty. 
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3  to  4  gms ,  of  sodium  peroxide  sprinkled  into  the  liquid  fusion 
produced  a  melt  that  v/as  dissolved  e^sily  in  a  few  minutes. 
The  Solution  was  acidified  with  sulphuric  acid,   the  KnOg  re- 
duced  with  NaHSO^,  and  the  manganese  determined  by  Volhard ' s 
method  as  bef  ore  .      Results:  56.18^  and  b& .7>2fo  lin  , 


Table  1^1  o  .  3  . 

Comparison  of  Standard  and  Sodium  peroxide  methods 
of  decomposit ion  for  Manganese  determinations . 


Sairip  1  e 

Method  of  Decomposition . 

/u  obtamed  . 

Manganese  glaze . 

Standard  Method. 
TTa^CO^  fusion. 

4.57^  MnO. 
4.55;^  MnO. 

Manganese  glaze. 

Na^Oo,   7nS,  KSO, 
fusion  in  TJi  crucible  . 

 1 

4  .  5  bX    MnO  . 

4.55;!  MnO. 

Franklinite 

Standard  Method . 
HITO^-»-  HCl  . 

7  .  (39;/^    MnO  . 
7.96:^^  MnO. 

Franklinite 

'HrL2^2->           pyrites,  Mg, 
KSO,^  m  Iii  crucible. 

7  . 90^    MnO . 
7.88^  MnO. 

—  

Ferro -nif^nganese 

Standard  Method,.  HITO,^ 

5  6.25;^  Mn. 
5  6.23,'^  Mn. 

F  e  rr  0  -rüang  ane  ^  e 

Na^O^,  ZnS,  .KSO^^ 
in  TTi  crucible  . 

5  6  . 1  8,€    Mn  . 
5  6.32,'^  Mn. 

The  manganese  m  each  case  v/as  determined  by 
Volhard 's  method. 
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(m)  The  aijplication  of  the  sodium  peroxide  method  of  decom- 
position  to  silica  determinat ions . 

In  Order  to  investif^ate  the  adaptability  of  the 
sodium  peroxide  method  to  silica  determmr; tions,  a  blast  fui^- 
nace  slag  was  decom,)Osed  by  this  method  and  by  the  Standard 
method  and  the  percentages  of  SiOg  obtamed  by  the  two  methods 
compareö  .      For  the  Standard  method  1.0  gm.  of  the  slag  (200 
mesh  sieve)  vms  boilec  for  an  hoiir  with  hydrochloric  acid 
(I.IP-  sp  .  gv  ,  )  .       The  slag  appeared  to  be  completely  decom- 
posed.       It  was  evaporated  to  dryness  on  the  v/ater  bath  and 
kexJt  there  for  several  hours  after  it  wrs  dry  .       It  was 
miOistened  with  hydrochloric  acid,  dissolved  in  wster,  and  the 
silica  filtered  off.       The  filtrate  was  dehydratec  a  second 
time  .       The  silica  v/as  ignited  to  constant  weight  in  a  plat- 
iniua  crucible  and  then  volatilized  v\^ith  hydro-f luoric  acid 
in  the  presence  of  a  little  sulphuric  acid.       The  ailica  \\'r>s 
determined  by  dif f erence .       The  results  obtained  were  30.06^ 
and  50.04/  SiO^. 

Experiment  TTo  .  23. 

8.0  gm.   sodium  x^eroxide . 
1.2  gm.  zinc  sulphide  , 
0  . 3  P-m  .  K  SO  .,  . 

0.5  gm.   slag   (200  mesh  sieve). 

Ignited  the  above  mixture  by  xrieans  of  magnesium 
ribbon  in  a  nickel  crucible.      A  good  fusion  v/as  obtained. 
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The  Hielt  dissolved.  easily  in  water  and  no  residue  was  left  on 
acidifying  with  hydrochloric  acid   (1.12  sp .  gv . )  .      The  silica 
was  dehydrated  twice  and  deter/uined  as  before.       The  results 
were  o0.02;^  and  29.90,'f  SiO^  as  against  7)0 .0A%  and  SO.OG^o  by 
the  Standard  method. 

(n)   Some  qualitative  experinient  s  with  the  sodiura  peroxide 
method , 

Qualitative  experiments  v/ere  run  on  a  nuraber  of 
substances  to  see  if  the  sodium  peroxide  method  would  decom- 
pose  thern. 

1.    Experiments  v/ith  chrojue  iron  ore  . 
A  very  röfractory  chrome  iron  ore,  high  in  iron  and 
chroiiiium  v/as  used. 

Experiment       .  24 . 

8.0  gm.  sodium  peroxide. 
1.5  gm.  zinc  sulphide . 

0.5  gm  chrome  iron  ore    (200  mesh  aieve)  . 

O.o  gm.  KSO.. 

Above  mixtiire  v/as  ignited  in  a  nickel  crucible  by 
means  of  magnesium  ribbon.       It  v/as  a  good  liquid  fusion  but 
the  decomposition  v/as  incomplete.       It  was  apparent  that  a 
zinc  sulphide  combustion  did  not  produce  heat  enough,    so  a 
pyrite  mixture  was  tried. 
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Experiment  No .  25. 

(3.0  gm.  sodium  peroxide  . 
0.3  gm.  powdered  /iiagnesium, 
0.3  gm.  KSO^. 

0.5  gm.  Chrome  iron  ore   (200  mesh  sieve). 

1.5  gm .  pyri te  . 

Ignit^d  above  mixture  by  means  of  magnesium  ribbon. 
The  fuöion  v.'-as  very  hot  .       Sifted  3  to  4  gm.   sodium  peroxide 
into  the  liq-iid  fusion  to  make  it  dissolve  easily.       The  melt 
dissolved  m  sulphuric  acid  v/ithout  leaving  a  residue. 

2.    Experiments  v/ith  Monazite  . 

Monazits  contains  several  of  the  rare  metals,  par- 
ticularly  thorium.       The  sodium  peroxide  method  of  fusion  was 
tried  on  a  sample  containing  2.75/S  ThO^ . 

Experiment  TTo  .  26. 

Ö.O  gm.  sodium  peroxide. 

1.2  gm.  zinc  sulphide . 

1.0  gm.  monazite   (200  mesh  sieve). 

0.3  gm.  KSO^ , 

Ignited  above  mixture  v/ith  magnesium  ribbon.  The 
fusion  was  good  v/ith  no  spattering.      The  decomposit ion  was 
complete,  for  upon  acidifying  with  hydrochloric  acid  no  resi- 
du  e  A'/a  s  1  e  f  t . 
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3.  Experiments  v.'ith  clays. 

A  brick  clay  used  was  of  the  follov/ing  composition: 
SiOg  60.93;^,  AI2O3  17.93)f,  Fe^^O^  B.12f,,  MgO  0.91^,  OaO  1.33^, 
TTa2'^  'ind  K2O  5  .Olfo,  Vol.  matter  5.73.:5^.       (This  analysis  and 
the  one  of  the  fire  clay  were  made  by  the  chemists  of  the 
Illinois  State  Geological  Survey) . 

Experiment  No .  27 . 

8.0  gßi .   sodium  peroxide  . 
1.2  gm.  zmc  sulphide  . 
0.3  gm.  KSO  ,  . 

1.0  gm.  clay  (200  me sh  sieve). 

Ignited  by  me«ns  of  a  magnesium  ribbon.  The  fusion 
was  qiiiet.  The  fused  macs  dissolved  completely  in  hydrochlo- 
ric  acid,  le?iving  no  residue  . 

Experiments  were  made  with  a  fire  clay  of  the  fol- 
lowing  composition:  SiOg  67. 37^,  AlgO^  21. 69fo,  ^■e20r^  1.59,<, 
F1O2  1.32/^,   loss  on  ignition  B.70f,, 

Experiment  No .  28. 

8,0  gm.   sodium  peroxide. 

0.3  gm.  KSO  ^ . 

1.2  gm.  Zinc  sulphide. 

1.0  gm.  fire  clay  (200  mesh  sieve) . 

The  above  mixture  was  ignited  with  magnesium  ribbon. 
A  good  quiet  fusion  took  place.       The  melt  v/hen  taken  up  in 
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water  and  made  acid  with  hydrochlorio  ncid,  went  into  Solution 
completely,  leaving  no  insoluble  residue. 

4.  Experiments  with  a  copper  matte. 

A  copper  matte,  high  in  copper  sulphide  was  used 
in  t?ie  following  experiments. 

Experiment  MO .29 . 

8.0  gm.  sodium  peroxide  . 
0.5  gm.  zinc  sulphide . 
Ö.3  gm.  KSO4. 

1.0  gm.  copper  matte   (200  mesh  sieve). 

This  mixture  wss  ignited  hj  means  of  a  magnesium 
ribbon.      The  fusion  became  red  hot  and  very  liquid.       It  was 
necessary  to  sift  5  to  4  gms .  of  sodium  peroxide  into  the 
molten  mass  to  make  it  dissolve  easily .       The  melt  when  taken 
up  in  water  and  acidified  with  hydrochloric  acid,  dissolved 
completely,  leaving  no  reoidue. 

5.  Experiments  with  Bauxite. 

A  sample  of  bauxite  containing  a  considerable  amount 
of  iron  and  titanium  Oxides  was  used  for  the  follov/ing  ex- 
periment  s . 

Experiment  ITo  .  30. 

8.0  gm.   sodium  peroxide. 
1.2  gm.   zmc  sulphide. 


-39- 


0.3  gm.  KSO4. 

0.5  gm.  bauxite   (200  mesh  sieve). 

Ignited  by  menns  of  magnesium  ribbon.      The  fusion 
was  good  but  the  decomposit ion  of  the  ore  very  poor.  The 
addition  of  varying  quantities  of  potassiura  chlorate  did  not 
produce  decomoosit ions  v/hich  were  much  better.       The  pyrites 
raixture  was  tried. 

Experiment  ITo  .  31  . 

8.0  gm.  sodium  peroxide  . 

0.5  gm.  zinc  sulphide . 

0.5  gm.  bauxite    (200  mesh  sieve). 

1.0  gm .  pyrite s . 

Ignited  the  above  mixtnre  by  means  of  a  magnesium 
ribbon.       The  fusion  v,as  extreiüely  hot  .       3  to  4  gms .  of  sod- 
ium peroxide  were  sifted  into  it  to  make  the  melt  dissolve 
easily.       The  melt  was  dissolved  in  water  and  acidified  with 
hydrochloric  acid.      Uo  residue  was  left,  v/hich  mdicated 
complete  decom;)Osit lon .       This  method  of  decomposition  is  of 
no  great  importance  for  analytical  purposes  because  of  the 
introduction  of  iron. 

6.  Experiments  with  titanium  iron  ore, 
A  titanium  iron  ore,  high  in  iron  and  titanium  and 
very  basic,  was  experimented  with.      A  fusion  of  a  mixture 
essentially  the  same  as  that  used  in  experiment  ITo .  30  did 
not  decompose  0.5  gm.  of  the  ore   (200  mesh  sieve). 
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A  fiision  of  a  mixture  siinilar  to  that  used  in  ex- 
periment  E"o .  31  completely  decomposed  0.5  p^ni.  of  the  ore  (200 
mesh  sieve ) .       This  also  is  of  minor  importance  for  analytical 
purposes  because  of  the  difficulty  of  determinmp;  titanium 
graviüietrically  in  the  presence  of  large  quantities  of  iron . 

(o)  Notes  and  precautions. 

To  ascertain  the  effect  of  the  fusions  on  the  nickel 
crucibles,   two  new  crucibles  were  vveighed  and  after  sixteen 
fusions  had  been  made  in  each,   they  were  carefully  cleaned 
and  weighed  ag^in.      A  crucible  weighing  originally  18.7683 
gm.  lost   .2876  gm.  in  16  fusions.      A  crucible  weighing  ori- 
ginally 18.6119  gm.  lost   .3363  gm.  in  16  fusions.      This  is 
an  average  loss  in  'vveight  of  about   .02  gm.  for  each  fusion, 
or  about  0.10/^  of  the  weight  of  the  crucible.      V/hen  the  hot, 
oxidizing  nature  of  the  fusions  is  considered,   this  is  a  very 
slight  loss.      The  fusions  were  those  made  with  the  lead  ores, 
using  sodium  peroxide  and  zinc  sulphide . 

It  was  found  that  a  piece  of  twine  about  an  inch 
long  soaked  in  alcohol  and  lighted  can  be  used  for  igniting 
the  mixture s  instead  of  magnesium  ribbon.       This  could  be  used 
if  for  any  reason  magnesium  was  not  to  be  introduced  into  the 
mixture  . 

A  finely  divided  sample  was  found  to  be  necessary 
for  the  sodium  peroxide  fusions.  In  the  foregoing  experi- 
ments,  with  the  exception  of  the  f erro-mangane se  and  the  lead 
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slag,   it  was  found  necessary  to  pass  the  substance  to  be  ana- 
lized  throiigh  a  200  mesh  sieve . 

Since  sodium  peroxide  often  contains  small  lumps 
which  keep  the  mixture  from  igniting  or  cause  incomolete  com- 
bustion,   it  is  necessary  to  pulverize  tbis  substance  before 
using  i t . 

The  different  ingre dient s  must  be  very  thoroitghly 
mixed.      A  partial  mixing  results  in  partial  decomposit ion . 

All  the  ingredients  inust  be  perfectly  dry .  The 
mixture  is  so  easily  ignited  that  if  there  is  any  moisture 
present,   it  iiiay  react  v/ith  the  sodium  peroxide  and  evolve 
enough  heat  to  ignite  the  mixture  prematurely. 

Conclu  sion , 

From  the  foregoing  experiment s  it  is  evident  that 
sodium  peroxide,  zinc  siilphide,  and  potassium  persulphate, 
when  mixed  in  certain  proportlons  give  a  good  fusion  medium 
for  the  decomposit ion  of  the  substances  used  in  this  investi- 
gation.       In  every  case  the  new  method  gave  results  as  good 
as  those  obtained  by  the  Standard  method.      V/ith  possibly 
slight  modif ications,   it  could  be  extended  to  numerous  other 
substances,  a  fev/  of  v/hich  are  indicated  in  the  qualitative 
experiments.       This  method  is  particularly  api^licable  to 
sulphide  ores  and  to  substances  high  in  silica,   such  as  glazes 
and  slags.      With  basic  substances  such  as  franklinits  and 
chrome  iron  ore  it  is  necessary  to  use  iron  pyrite  to  get 


-42- 


sufficient  heat ,      Pyrite,  however,  can  not  be  used  in  a  good 
raany  fusions  wherö  iron  is  objectionable,   and  to  fusions  of 
that  natura  this  method  can  not  be  r.p^>iied. 

The  Chief  advantage  of  the  method  is  the  quickness 
with  which  decomposition  can  be  accomplished .      The  entire 
Operation  including  mixing,   igniting,   cooling,   and  dissolving 
the  melt,   takes  approxiraately  five  minutes.      A  decomposition 
by  acid  takes  frora  half  an  hour  to  an  hour  and  r  half  or  even 
two  hours.      Moreover,   in  most  cases  the  nitric  or  hydrochloric 
acid  must  be  expelled  by  evaporating  the  Solution  dovm  to  sul- 
phuric  acid  fumes,  v/hich  necessitates  considerable  care  and 
usually  takes  half  an  hour  longer.       In  the  sodium  peroxide 
method  sulphuric  acid  may  be  used  directly  for  acidifying, 
which  doei  away  with  the  tedious  evaporation. 

In  the  new  method  the  silica  present  is  practically 
all  brought  into  Solution  and  kept  there  so  that  it  does  not 
clog  filters  and  cause  other  annoyances.       The  sulphur  in  sul- 
phide  ores  and  the  carbonaceous  matter  in  slags,  etc.,   is  easi- 
ly  and  corapletely  oxidized  by  the  sodium  peroxide  method  and 
the  laborious  oxidation  by  means  of  nitric  acid  is  avoided. 
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